Introduction
Prospective longitudinal studies of birth cohorts and genetic high-risk samples have elucidated the following risk factors and predisposing signs of schizophrenia: family history, obstetric complications (OCs), urban residence, season of birth, low IQ, and delayed developmental milestones. 1 Retrospective studies suggest that subjects with a first episode of schizophrenia typically have passed through 3 successive prodromal stages 2, 3 : (1) a nonspecific phase with affective and anxiety symptoms, (2) an early prodromal phase with prominent negative symptoms (mean duration of 5 years), and (3) a late prodromal phase with subthreshold psychotic symptoms (1.1 years on average).
The ultra-high-risk (UHR) criteria outlined by Yung and McGorry 4 correspond to the late prodromal phase, which is characterized by attenuated positive symptoms (APS) or brief limited intermittent psychotic symptoms (BLIPS). Patients meeting the UHR criteria have a transition rate to psychosis of approximately 30%-35% within a follow-up period of 1-3 years. [5] [6] [7] The work of Huber, Gross, and Klosterkö tter suggests that some cognitive basic symptoms allow the identification of subjects in an even earlier prodromal state. 8, 9 Basic symptoms describe subtle, self-experienced, and selfreported deficits in thought and perception. In a clinical sample, Huber's basic symptoms had high positive predictive values (0.71-0.91) and high specificity. Seventy percent of individuals who showed basic symptoms at baseline developed schizophrenic psychosis in a mean time of 5.6 years. 10 Thus, Huber's basic symptoms are manifested during the early prodromal phase of psychosis.
Neurocognitive investigations have provided further evidence about the developmental course of the disease.
Neurocognitive deficits, considered an integral part of the illness, 11 are present at the beginning of the first psychotic episode in patients with schizophrenia. 12 They are stable over time, [13] [14] [15] [16] largely independent of positive symptomatology, 17, 18 and partly independent of medication treatment. [19] [20] [21] Furthermore, neurocognitive deficits are present in patients before the presence of psychotic symptoms. Prospective birth cohort studies [22] [23] [24] [25] and genetic high-risk studies [26] [27] [28] [29] [30] [31] [32] have found specific deficits in measures of verbal memory, working memory, executive function, and attentional functioning in individuals who developed schizophrenia.
Therefore, neurodevelopmental models have become the dominant hypotheses used to explain the pathogenesis of schizophrenia, 33, 34 which indicate that neuromotor deficits, cognitive abnormalities, and physiological alterations are already present early in life and vary qualitatively and quantitatively with brain development and disease progression.
The aim of the German Research Network on Schizophrenia (GRNS) is to study in depth the appearance of deficits and symptoms in the early course of the illness. It has aimed to replace the established pragmatic (treatment-oriented) definition of subjects at UHR with definitions of an early prodromal state (EPS) and a late prodromal state (LPS), respectively, thereby integrating the basic symptom and the UHR approaches.
The present study focuses on the neurocognitive profiles of these 2 groups. Previous studies of clinical high-risk subjects indicated that they perform at an intermediate level between healthy controls and firstepisode psychosis patients in multiple cognitive functional domains. [35] [36] [37] [38] [39] In particular, patients who fulfilled UHR criteria have shown impairments in tasks involving executive control, verbal learning/memory, motor control, and general intellectual functioning. 36, [40] [41] [42] [43] However, the generalizability of the results and the ability to draw conclusions about specific deficits were limited because of several methodological issues. Most studies used healthy control groups that were not comparable with regard to premorbid intellectual functioning, educational level, or demographical characteristics, 37, 40, 42, 43 whereas others used population norms of individual tests obtained from different normative samples. 36, 41 Furthermore, some used small and selective test batteries 38, 42, 43 or compared data of single tests 35, 36, 40, 42 or composite scores with unconfirmed factor structures. 38, 41 In addition, sample sizes were small and consisted mainly of patients with APS. Possible differences between patients with APS and those with BLIPS and the effects of psychotropic medication on neuropsychological functioning were not generally addressed in previous studies. Finally, the issue of specific and generalized impairments has received little attention so far in UHR studies. Lencz et al 44 addressed many of the above-mentioned criticisms in their study. They found lower current estimated IQ scores than predicted from premorbid IQ scores in UHR individuals. In addition, they reported generalized deficits across cognitive domains and specific deficits in verbal learning and executive functions, whereas visual-spatial functions were relatively spared in UHR patients compared with individuals in a healthy control group, who were comparable with regard to years of education and demographical characteristics. Verbal memory deficits in UHR patients predicted psychosis within a mean follow-up time of 2 years.
To summarize, previous studies with subjects fulfilling UHR criteria provide clear evidence for cognitive dysfunction; however, the time point at which the generalized or specific deficit emerges is unclear. Only 2 recent studies considered neuropsychological functioning of subjects in a putatively earlier prodromal state and compared their performances with UHR subjects in an LPS. 37, 45 Both failed to find substantial differences between high-risk groups. Pukrop et al 37 reported significant impairments in the EPS compared with controls in measures of verbal learning and verbal fluency; however, Simon et al 45 did not find neurocognitive impairments compared with help-seeking patient controls. Small sample sizes and small effect sizes might account for these conflicting results.
Thus, it is not clear whether high-risk individuals in an EPS have any cognitive deficits at all and, if so, whether these deficits are qualitatively similar to those found in UHR individuals in an LPS. This study expands the scope of previous investigations by addressing the neurocognitive functions of 2 different high-risk groups in comparison to a healthy control group (comparable with respect to demographical data and general intellectual ability) and by investigating whether generalized or specific cognitive deficits exist and whether these deficits are related to current medication treatment, current (negative, positive, or depressive) symptoms, and general functioning in everyday life.
Our hypotheses are as follows:
1. High-risk subjects in an EPS and those in an LPS have generalized neurocognitive deficits compared with subjects in the healthy control group. 2. Measures of executive function and verbal memory are more impaired than those of other domains in the LPS. 3. Individuals in an EPS of psychosis perform intermediate between the subjects in the healthy control group and individuals in the LPS of psychosis.
Methods
Data presented here were collected at the Early Recognition and Intervention Centers of the Departments of Psychiatry at the Universities of Bonn, Cologne, Dü sseldorf, and Munich as part of the GRNS. The basic design of this
early detection and intervention study has been outlined elsewhere. 46 Briefly, a 2-step approach was employed to identify individuals with a high risk to develop psychosis. A screening instrument was used to help seek people who had approached general practitioners or mental health professionals, followed by a detailed assessment at the Early Recognition and Intervention Centers using the Early Recognition Inventory/Interview for the Retrospective Assessment of the Onset of Schizophrenia (ERIraos). 46 Patients were included in the study trial if they met the criteria for the EPS or LPS (Appendix A) and did not fulfill exclusion criteria (Appendix B). All participants spoke German fluently and had normal or corrected-to-normal vision, normal hearing, and normal motor limb function.
Subjects
A total of 205 subjects fulfilled the inclusion criteria for either an EPS (n = 116) or an LPS (n = 89). Eighty-seven healthy controls who were comparable with subjects in the clinical high-risk groups with regard to age, sex, and verbal intelligence were recruited from the same geographical region by advertising in local newspapers or through word of mouth. Controls were screened to exclude subjects with any past or present psychiatric, neurological, or somatic disorder possibly affecting cognition, and all negated current use of psychotropic medication or illicit drugs. Moreover, none of the control subjects fulfilled inclusion criteria for an EPS or LPS (Appendix A).
After a complete description of the recognition and intervention study was provided, written informed consent was obtained from all participants. This study was approved by the institutional review boards of all participating universities.
Psychopathological Assessment
Following inclusion, subjects underwent a detailed assessment of psychopathological symptoms with the ERIraos. 46 A Global Assessment of Functioning (GAF 47 ) score was obtained on a 100-point numeric scale that provides an index of overall psychological, social, and occupational functioning. The Positive and Negative Syndrome Scale (PANSS) was employed to evaluate the presence and absence of positive, negative, and general psychopathology of schizophrenia. 48 The Montgomery-Å sberg Depression Rating Scale (MADRS), scored on the basis of semi-structured interviews, was used to assess the affective, cognitive, and vegetative dimensions of depression. 49 To ensure eligibility for the study, participants were interviewed by trained psychiatrist or psychologist using the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). 50 
Neuropsychological Assessment
The assessment procedure consisted of the administration of 8 tests in a fixed order. The tests measured neuropsychological functions that are known to be impaired in patients with schizophrenia. 51, 52 In addition, a short motor examination was conducted. Verbal IQ was examined with a word recognition test. 53 The tests and cognitive functions under examination are outlined in table 1. Most of the tests are well described elsewhere, 55, 61 and brief descriptions of the tests and measures are given in the Supplementary materials.
Data Analysis
Clinical and neuropsychological data at baseline assessment were analyzed in this study. The distribution of variables was examined within and between groups. Scaling procedures were applied to improve psychometric properties before subjecting variables to variance analytic procedures or to the computation of cognitive domain scales. Each variable was examined for outliers. Outliers were replaced by a score of 3.5 SDs below or above the mean. Neuropsychological test scores were standardized by computing z scores based on the performance of the control group separately for each center. Negative z scores indicate worse performance than controls.
For the purposes of data reduction and the examination of generalized and specific deficits across cognitive domains, 12 neuropsychological test variables were selected and grouped according to neuropsychological conventions and previous literature findings (eg, Lencz et al 44 ). Three cognitive domains were constructed: memory/learning, executive control/processing speed, and working memory. Scores for each cognitive domain were computed by averaging the z scores on contributing variables. Domain scores were then subjected to z transformation so that deficits in high-risk patients could be displayed relative to control group performance. Factor analysis was used to assess the validity of the a priori assignments of variables to scales. Using the correlation matrix (Supplementary table 1) , we evaluated neuropsychological test results to assess relationships among neuropsychological measures. Principal component analysis (PCA), followed by varimax rotation and an eigenvalue cutoff of 1, was performed to extract components. The following measures were selected for analysis: rect symbols drawn within 90 s, and 7. Auditory Verbal Learning Test: 4 measures were selected: the delayed recall score, the recognition score, the verbal learning score (+T1-T5), and the number of words recalled after the first learning trial (T1).
Following the PCA, 3 components emerged from these 12 variables, which explained 60% of the variance. The loadings of the test scores on the varimax-rotated factors confirmed the a priori assignment of the test to the 3 cognitive domains (Supplementary table 2) .
In addition, a motor control score was computed by summing up the scores (each ranging from 0 to 2) of 2 selected motor tasks of the Brief Motor Scale (BMS).
Statistical Analyses
Demographic information and psychopathological scores were compared among the 2 high-risk groups and the control group using chi-square tests for categorical variables and 1-way analysis of variance (ANOVA) for continuous variables. Post hoc comparisons between study groups were conducted by performing least significant difference tests.
Two-way multivariate analysis of variance (MANOVA)-with the cognitive domain scale as the repeated measures factor and the group as the between-subject factor-was conducted to assess overall differences between groups and profile shapes. If a significant interaction between the cognitive domain and the group factor emerged, deviations from flatness in the high-risk group profiles could be assumed. The deviations were assessed to examine relative impairment within a high-risk group by contrasting the mean for each cognitive domain with the mean of the remaining domains using paired t tests. The purpose was to show impairment relative to the other scales in the high-risk groups. In cases of such a relative impairment, we further examined whether the impairment (compared with controls) was independent of performance in other cognitive domains by using analysis of covariance, with the domain scale as the dependent variable and the other cognitive domain scales as covariates.
Following the repeated measures analysis, a univariate ANOVA was performed for each individual domain score. Multiple pairwise contrasts were carried out and the Bonferroni correction for multiple comparisons was applied (familywise a of 5%) if significant main effects for a group were found. Group differences in our motor coordination scale were analyzed using contingency tables and the Fisher exact test.
The relationships between cognitive domain scales and psychopathological scales were examined within patient groups using Pearson's correlation coefficients. To limit multiple testing, correlation analysis was restricted to the 3 cognitive domain scores and to scales measuring depression (MADRS) and positive and negative symptoms (PANSS), respectively. To avoid false-positive results without being overly conservative, we employed an a error of 1% (2-tailed) for these correlations.
The possible confounds of current psychotropic medication were analyzed by adding psychotropic medication (yes/no) to the MANOVA model. In addition, group sizes permitted us to examine differences between subgroups of patients in the EPS who were included because they either fulfilled the combined trait and state criteria outlined by Yung and McGorry 4 or possessed basic symptoms only. In the LPS group, we compared individuals with BLIPS and those with APS only.
Results

Demographic and Clinical Characteristics
Demographic and clinical data of the study groups are displayed in table 2. The 3 groups did not significantly differ in terms of mean age, gender distribution, and mean premorbid intellectual functioning. Most patients (;95%) in both EPS and LPS groups reported at least 1 basic symptom. In the LPS group, most patients (;95%) had APS. However, only about half of the LPS group (;55%) had ever experienced a BLIPS episode.
A total of 25 patients (21.6%) in the EPS group and 17 patients (19.1%) in the LPS group had a first-degree relative with schizophrenia spectrum disorder. Pregnancy or delivery complications, termed collectively as OCs, were reported in 26 patients (22.4%) of the EPS sample and in 10 patients (11.2%) of the LPS sample. A GAF score reduction of about 30 points was common in both high-risk groups. A combination of genetic risk plus GAF reduction was present in 19 participants (16.4%) in the EPS sample. The distribution and overlap of risk factors in the study sample are illustrated in Supplementary figure 1.
Patients in the LPS group had higher positive, negative, and global PANSS scores than those in the EPS group. These differences are expected because there is some overlap between symptoms on these scales and group assignment criteria; however, the focus of group assignment criteria is on lifetime appearance rather than the acute expression of symptoms.
The level of depressive symptoms was not significantly different between high-risk groups. In the EPS and LPS groups, the majority of subjects did not receive any psychotropic medication at the time of testing (75.9% and 76.4%, respectively) or over the lifetime (67.2% and 70%, respectively). In the EPS group, 22 patients were currently treated with antidepressants, 3 patients with tranquilizer, and 6 patients with other psychotropic medications. In the LPS group, 9 patients were treated with neuroleptics, 11 patients with antidepressants, and 6 patients with tranquilizer.
Cognitive Domain Scales
Neuropsychological profiles for the high-risk groups are illustrated in figure 1 . The LPS group was impaired relative to the healthy control group for every cognitive domain score, with effect sizes (z scores) ranging from À1.12 to À0.52. The EPS group performed intermediate to the LPS group and the control group, with effect sizes ranging from À0.52 to À0. 17 .
The MANOVA of all 3 domain scores revealed a significant main effect for group factor, which indicated that groups differed with regard to cognitive functioning (F (2, 289) = 25.15, P < .001, g 2 = .15). Both the LPS (Cohen's D = À1.0) and the EPS (Cohen's D = À0.48) groups showed a significant general cognitive deficit relative to healthy controls. Additionally, the LPS group performed worse than the EPS group when averaged over cognitive domains (all simple contrasts between groups with P < .001).
The profile of the high-risk groups deviated significantly from flatness as indicated by the significant interaction between group and cognitive domain factors (F (4, 578) =2.675, P = .031, g 2 = .018). This finding suggests a selective pattern of impairment. In the EPS group, the executive control domain was significantly more impaired (paired t (115) = À1.98, P =.025) and the working memory scale was significantly less impaired (paired t (115) = 2.76, P < .001) in comparison to the mean of the remaining domains. In the LPS group, the memory domain was more impaired (paired t (88) = À2.74, P = .007) and the working memory domain was less impaired (paired t (88) = 3.87, P < .001) in comparison to the mean of the remaining domains.
Results from univariate ANOVA for each cognitive domain demonstrated that effect sizes were medium on the memory (g 2 = .12) and executive control (g 2 = .10) scales and small on the working memory (g 2 = .038) scale (table 3) . Simple comparisons revealed that on the memory and executive control scales, the EPS group had lower scores than the healthy control group. However, the working memory performance values did not differ between the EPS and control subjects. The impairment on the executive control scale in the EPS group relative to controls remained significant after the domain score was residualized against performance on the other cognitive domains, but the significant difference on the verbal memory scale disappeared (figure 2).
The LPS group had significantly lower scores than the EPS and healthy control groups on the verbal memory and executive control scales. Working memory performance scores of the LPS group significantly differed from those of the healthy control group but not from those of the EPS group. The relative impairment of verbal memory function in the LPS group remained significantly relative to the healthy control group and the EPS group even when the verbal memory score was controlled for performance on other cognitive scales (figure 2).
Neuropsychological Test Scores
The performances of both high-risk groups are compared with those of healthy controls for each individual neuropsychological test in table 4. This table also summarizes results of univariate ANOVA, together with paired contrasts for multiple comparisons. The nonparametric analysis of the motor control scale showed that more subjects in the EPS (27%, V = 8.0, P = .017) and LPS (24.6%, V = 6.6, P = .033) had motor control impairments in comparison to healthy controls (13.3%).
Moderator Variable Analysis
Depressive symptoms were not correlated with memory, executive control, and working memory scores in either patient group (all |r| < .10). In the EPS group, memory was related to the PANSS positive symptom scale (r = À.26, P = .006). In the LPS group, executive control was correlated with the PANSS negative symptom scale (r = À.30, P = .007). No other association reached significance. When we repeated the MANOVA and included medication as a factor, we did not find a significant main effect of medication (P > .5). We also did not detect significant interactions with the neuropsychological domain factor (P > .5) or the group factor (P > .5) Thus, no differences in neurocognitive functioning were detected between subjects who were currently treated with a psychotropic substance and those who were not treated.
Subgroups of High-Risk Individuals
No significant differences were revealed between individuals with basic symptoms only in the EPS group and those with genetic risk plus GAF reduction over all cognitive domains in the EPS group (F (1, 112) = 0.336, P = .563, g 2 = .003). We also did not detect any interactions between the group and cognitive domain factors (F (2, 224) = 1.054, P = .316, g 2 = .010). In the LPS group, ANOVA revealed no significant differences between individuals with BLIPS and those with APS only, neither to the overall effect (F (1, 87) = 0.006, P = .939, g 2 < .001) nor to the interaction between factors (F (2, 174) = 0.918, P = .401, g 2 = .010).
Discussion
This study, which employs one of the largest systematically obtained samples of putatively prodromal subjects thus far, sheds new light on the neurocognitive profiles of at-risk mental states in presumably subsequent stages of schizophrenia. There are 3 main findings of the study. First, both EPS and LPS subjects had some general cognitive dysfunction with respect to healthy controls, which was more pronounced in the LPS compared with the EPS. Second, specific executive control deficits were present in the EPS, which were over and above deficits in other cognitive domains. Third, the verbal memory deficit was specifically increased in the LPS, independent of impairments in other cognitive domains.
Neuropsychological Impairments
Averaged over all cognitive domains, performance was impaired in both high-risk groups in comparison to the control group and in the LPS group in comparison to the EPS group. The effect size of impairment relative to controls was large (Cohen's D ; 1.0) for the LPS and medium (Cohen's D ; 0.5) for the EPS, despite group matching for verbal (premorbid) IQ. Our findings are in general agreement with those of several previous studies, which examined samples of individuals comparable to our LPS group. 36, 38, 40, 43, 44 The moderate deficits in the EPS are significant in the current large sample and are similar in size to the deficits described in 2 previous smaller studies, which examined subjects with basic symptoms. 37, 45 Beyond this deficit, we found that executive control, verbal memory, and working memory performance deficits are present in late high-risk stages (LPS). 35, 36, 38, 40, 44 Patients in the EPS of psychosis performed intermediate between patients in the LPS and control subjects on tasks measuring executive control and verbal memory function. The working memory performance of subjects in the EPS did not differ from those in the control group. In addition, verbal memory and executive control performances were more impaired in the LPS than in the EPS. Within the limits imposed by the cross-sectional design, this pattern is consistent with the hypothesis that the trajectory through the prodromal stages of psychosis is associated with increasing levels of cognitive impairment. Furthermore, in partly overlapping samples, additional differences among patients in an EPS and patients in an LPS related to neurophysiological measures of information processing 63, 64 and structural brain abnormalities were found. 65 The hypothesis of increased impairments during prodromal states is also supported by prospective longitudinal studies, which have revealed small to medium deficits during childhood and adolescence in subjects who later developed schizophrenia. 30, 66 For example, 1 study found that conscripts at 17 years who had lower than expected IQ scores compared with estimated IQ scores during childhood (based on reading and spelling abilities) had an increased risk for hospitalization for schizophrenia. 67 Other studies revealed that intellectual deficits are greater in those closer to psychosis onset. 25, 68, 69 Taken together, these findings suggest mild cognitive impairments early in childhood as manifestation of neurodevelopmental abnormalities 70, 71 and an increase of neurocognitive impairment in successive stages with the appearance of prodromal symptomatology. 34 These neuropsychological impairments could be the consequences of the presence of depressive symptoms in high-risk individuals. However, we did not detect a correlation between depressive symptoms (assessed with the MADRS) and cognitive performance.
The verbal IQ appears to be slightly above average in all groups with means ranging from 106 to 108. Most likely, this is a consequence of outdated test norms. We employed the Mehrfachwahl-Wortschatztest-Intelligenztest (MWT-B), which had been standardized in a representative German population in 1975. Satzger et al 72 showed that the MWT-B overestimates verbal IQ, relative to the verbal IQ obtained with the German Wechsler Adult Intelligence Scale-Revised. This underlines the importance of studying control groups rather than relying on published test norms to identify cognitive deficits and deficit profiles in clinical groups.
Executive Control Impairment as a Putative Vulnerability Marker
The executive control domain score was already impaired in the EPS of psychosis relative to healthy controls. This deficit in executive control was greater than-and independent of-impairments in other cognitive domains. Following the adjustment of the executive control domain scores for deficits in both the other cognitive domains, the differences between healthy controls and both high-risk groups remained significant. However, the differences between the high-risk groups disappeared, indicating that executive control is affected early in the prodromal state (before the appearance of first positive symptoms). We also found that executive performance did not differ between individuals with only basic symptoms and patients with a genetically high risk and GAF reduction, suggesting that both sets of criteria for EPS identify risk groups with similar slight cognitive deficits.
The executive control/processing speed domain scale in this study comprised a variety of tasks that require the rapid coordination of internal and external stimulus processing, response selection, and execution. Deficits in similar tasks have been reported in subjects as early antecedents of psychosis. In the Dunedin study, Cannon et al 73 found impairments on the TMT, a verbal fluency task, and a motor coordination task (Pegboard) in subjects aged 13 years who later developed a schizophreniform disorder. Such deficits were not found in adolescents who developed affective disorder. In another birth cohort study, Niendam et al 22 analyzed 7 subtests of the Wechsler Intelligence Scale for Children, which had been administered to 32 individuals aged 7 years who developed schizophrenia in adulthood and to 25 of their nonschizophrenic siblings. Compared with their nonschizophrenic siblings, patients exhibited more severe deficits only on the digit symbol coding task. As found with individuals in the EPS, these studies indicate that executive control impairments occur many years before the onset of overt psychosis.
Correlations between cognitive performance and PANSS symptoms were generally low and nonsignificant. One exception to this was that executive control performance was associated with the severity of negative symptoms in the LPS group but not in the EPS group. Because the most prominent deficits in the LPS group were in the memory domain, this may seem counterintuitive. However, executive dysfunctions tend to correlate most closely with negative symptoms also in patients with schizophrenia, despite patients tend to have marked memory impairments. [74] [75] [76] [77] As a group, LPS can be considered to be closer to the onset of schizophrenia, or to be more likely to convert, than EPS. The specific correlation between poor executive control and more negative symptoms found both in patients with schizophrenia and in patients in LPS further underlines the similarity between these groups.
Antecedents of deficits in the control of execution seen in clinical high-risk individuals, as well as in birth cohort studies indicating abnormalities in brain development, might include early motor developmental deviances. 78, 79 In our study, both high-risk groups showed abnormal motor control performance measured with the BMS, which is consistent with findings in subjects with an atrisk mental state. 42 
Memory Impairment as a Putative Marker of Disease Progression
Verbal memory deficit has been regarded as one of the major deficits in schizophrenia. Meta-analyses of verbal memory deficits in patients with schizophrenia report effect sizes of 1.21-1.41 in measures of learning and effect sizes of 0.90-1.20 in measures of delayed free recall. 51, 80, 81 Clinical high-risk studies have consistently found verbal memory impairments in the LPS of psychosis 38, 40, 41 and that the presence of these deficits predicts who later develops psychosis. 44 We found that verbal memory performance was impaired in the LPS group compared with the EPS and healthy control groups even if the verbal memory deficit was controlled for the performance in the other cognitive domains. Thus, our study suggests that a verbal memory deficit may be a marker of disease progression in clinical high-risk individuals. This agrees with the finding that verbal memory performance was inversely correlated with the severity of positive symptoms in individuals in an EPS of psychosis. The lack of such a correlation in the LPS group, despite prominent memory deficits, is again reminiscent to findings in schizophrenia, where verbal memory deficits are largely independent of psychotic symptoms and stable over time. 82 However, in individuals in a high-risk state of psychosis, the presence of positive symptoms may indicate disease progression, which might be related to the severity of the verbal memory dysfunction. Cosway et al 28 found that an increase in psychotic symptoms between repeated assessments of neuropsychological function in genetic high-risk individuals was related to a decline in verbal memory performance and general IQ. Furthermore, volumetric reductions in prefrontal-hippocampal networks subserving verbal memory functions have been shown to mark the transition to psychosis in UHR individuals. [83] [84] [85] Verbal memory performance is influenced by numerous neuropsychological functions. 82 As shown in table 4, individuals in the EPS also had deficits in some memory parameters, indicating an encoding deficit rather than a recall deficit. By contrast, recognition and recollection were also impaired in subjects in the LPS, suggesting a deficit in storage or retention. In a recent structural magnetic resonance imaging study of a subgroup of the EPS and LPS subjects included in the present study, we found evidence of reduced hippocampal volume in both the EPS and the LPS. 86 However, a low hippocampal volume was related to poor recall performance only in the LPS. This finding suggests that subjects in the EPS are still able to compensate functionally for a mediotemporal structural vulnerability, whereas those in the LPS no longer possess this ability.
In our present study, the number of prodromal subjects with BLIPS was relatively high (55%). The proportion of subjects with BLIPS varies considerably between studies, and the sources of this variation are largely unclear. For example, Yung et al 6 reported 24.5% UHR subjects with BLIPS, while in another larger sample of the Melbourne group, no subject met BLIPS criteria. 87 The North American Prodrome Longitudinal Study 7 reported 3.7% with BLIPS, while Mason et al 88 in their UHR sample in Canberra, Australia, reported 31% with BLIPS. In our study, the high proportion of subjects with BLIPS in the LPS group may have been due to a higher age of prodromal subjects, different recruitment pathways, and the grouping of subjects with a genetic risk factor plus functional deterioration (but without APS, n = 25) into EPS. Importantly, however, we found no neuropsychological differences between LPS subjects with or without BLIPS, suggesting that the prior occurrence of BLIPS is not related to cognitive functioning.
Working Memory Deficits
Among the 3 domains examined, working memory appears to be least affected in high-risk individuals. Compared with controls, individuals in the EPS were not impaired, and the impairment was only moderate in those in the LPS. The negative finding in the EPS is in-line with some other data. 37, 45 Implications of impairments in working memory and sustained attention in individuals in the LPS and their putative roles as neurocognitive markers and predictors of later outcomes are comprehensively discussed elsewhere. 26, 27, 43, 89, 90 
Conclusions
We found the cognitive abilities of subjects in 2 putatively sequential prodromal stages of psychosis to be differentially impaired. Executive control seems to be compromised in the EPS (prior to the onset of positive symptoms), whereas verbal memory dysfunctions appear to evolve during a later prodromal stage. The qualitative differences between deficits in the early and late high-risk subjects cannot be explained by assuming that a larger proportion of ''true'' prodromal subjects exist in the LPS group, as a result of more valid clinical risk criteria. Rather, the overall pattern of findings suggests that progressive cognitive deficits exist in parallel with supposed disease progression. However, the cross-sectional nature of this study limits conclusions regarding the temporal sequence of impairment. Together with small-scale longitudinal data, 85 the present findings contribute to the emerging view of the prodrome as a period of time when marked dynamic brain changes occur. 91 Additional longitudinal studies, including those involving neuroimaging, [92] [93] [94] are needed to understand, and possibly combat, the dynamic biological changes that occur during this critical time window.
Some data indicate that cognitive deficits are more pronounced in ''true prodromals,'' which develop frank psychosis. 39, 44, 95 The longitudinal clinical data of our study will reveal whether different patterns of cognitive impairment predict psychosis in early or late prodromal stages.
In patients with schizophrenia, neurocognitive deficits, more than negative or positive symptoms, determine social and vocational outcome. 96 Therefore, cognition has become a treatment target in itself. The present results, together with prior evidence, imply that many subjects at risk for psychosis already have substantial cognitive deficits, and these deficits most likely limit the ability of patients to achieve their personal goals. A cognitive assessment should therefore be offered to help-seeking subjects with ''prodromal symptoms'' in order to detect problems that might compromise educational or occupational success. In addition, treatment trials in this population should consider cognition as an outcome in order to improve deficits or even to prevent cognitive decline, which apparently occurs very early in the prodrome. 97 
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